A field experiment was carried out on an alluvial clay soil of a pilot field at Talla area, Minufiya Governorate , Egypt during two successive growth winter seasons 2011 / 2012 and 2012 / 2013 to study the effect of agricultural gypsum application and mineral -N fertilizer ( ammonium nitrate , 33 % N ) solely or in combination under different distances of tile drain on some soil properties and yield of potato plants (Solanum tuberosum L.) Scotland cv . Nieta. Agricultural gypsum was applied at rates of 0 and 3 ton/fed. as a protection dose. Nitrogen fertilizer was added at rates of 0 and 500 kg / fed. ( 165 kg N / fed. ) , which equals 100 % of the recommended dose. The field was provided by tile drains spaced at 30 m with 1.5 m depth. The content of nitrogen forms ( NH4-N and NO3-N ) distribution through different soil depths, ground and drainage waters in relation to time were studied. Water table depth after the first and second irrigations was measured above and midway of the laterals. Ground and drainage waters were analyzed. Tubers and shoots of potato contents of NH4-N and NO3-N were determined. The experiment was carried out in a split split -plot design with three replicates .
INTRODUCTION
Agricultural gypsum (calcium sulfate -CaSO4 + 2H 2 O ) is one of those rare materials that perform in all three categories of soil treatment: an amendment, conditioner and fertilizer. Gypsum is widely used to improve the fertility and functioning of productive soils ( Shainberg et al. , 1989 and Scott et al. , 1993 ) . It:
 Improves soil structure, aeration and drainage .  Reduces soil compaction and cracking .  Improves root penetration .  Increases soil calcium balance without changing pH .  Increases available sulphur in the soil .  Stabilizes the organic components of the soil . On the other hand , nitrogen is an essential element required for plant nutrition , but the excessive application of mineral fertilizers led to increase production cost. The residual of mineral fertilizers has seriously affected the quality of agricultural products people's health and caused environmental pollution. Therefore , a great interest has been generated to apply bioorganic and inorganic fertilizers to establish a good ecoenvironment (Basak , 2006 ) . In many instances , less than 60 % of the added N is recovered in the crop and soil with the remainder being lost by processes such as volatilization , leaching , immobilization and denitrification. Thus , it is necessary to develop fertilizer management practices that can reduce losses and increase the nitrogen use efficiency ( Yusron and Phillips , 1997 ) .
Installation of subsurface drainage system in soils results in indirect effects on improving soil physical, chemical and hydrological properties, such as lowering water table, which lead to better structure of top soil, higher infiltration and porosity ( Antar, 2000 ) . The results obtained by Abdel-Aal et al. ( 2006 ) revealed that , soil salinity values were relatively affected by drain spacing treatments. Also they results indicated that spacing treatments highly affect sugar beet root diameters and lengths and consequently crop yield. Root diameters increased by decreasing drain spacing. There was an increment in sugar beet production with narrow drains spacing treatments.
Potato (Solanum tuberosum L.) is considered one of the world major staple food crops as it produces more dry matter and protein per hectare than the major central crops (Burton,1989) . Potato tubers are eaten in more countries than any other crop. Potato tubers in the global economy are the fourth important crop after the three cereals namely wheat, rice and maize. The main production areas of potato are in Europe and in the Russia, which account for nearly 56% of the output (Vreugdenhil et al., 2007) . In Egypt, potato is one of the most important vegetable crops grown under Egyptian conditions. According to the recorded data obtained from the department of Agricultural Economics and Statistics, Ministry of Agriculture and Land Reclamation, the cultivated area of potato in 2009 reached about 329721 feddans, which yielded 3659244 tons of tubers with an average of about 11.098 tons per feddan ( Taha , 2011 ) .
On the other hand , potato plants have high nutrients requirements , especially N-fertilizers , largely due to its shallow root system and short growth duration, but its recovery of fertilizer-N is often quite low (Acland, 1980) . The low efficiency is partly due to a shallow root system that is usually confined to top 60 cm of soil, with 90 % of the root length in the surface 25 cm of the soil profile (Tanner et al., 1982) .Therefore , the liberal application of mineral N-fertilizers to maintain adequate level of N in the rhizosphere, leads to the accumulation of excessive levels of NO 3 -N in the plant (Maynard et al.,1976 and Taha , 2011) as well as contribute to high NO 3 -N content of ground water.
The aim of this investigation is to study , the effect of individual and combined applications of mineral nitrogen fertilization and gypsum on some soil properties and yield of potato plants grown on a clay soil under tile drainage system conditions. Evaluation of drainage performance and the different from distance of lateral were studied. Also , the content of nitrogen forms (NH 4 -N and NO 3 -N) distribution through different soil depths, ground and drainage waters in relation to time were studied.
MATERIALS AND METHODS
A field experiment was carried out on an alluvial clay soil of a pilot field at Talla area, Minufiya Governorate , Egypt during two successive growth winter seasons 2011 / 2012 and 2012 / 2013 to study the effect of agricultural gypsum application and mineral -N fertilizer ( ammonium nitrate , 33 % N ) solely or in combination under different distances of tile drain on some soil properties and yield of potato plants (Solanum tuberosum L.) Scotland cv . Nieta and its content of NH 4 -N and NO 3 -N through plant life. The field had tile drains with a 30 m space and 1.5 m depth. Before planting , representing soil samples of the experiment soil were taken separately at soil depths of 0 -20, 20 -40 and 40 -60 cm above the laterals (A) and at midway of laterals (B). Soil samples were air-dried, ground and sieved through a 2 mm sieve. The prepared samples were analyzed for some physical and chemical properties and also for its contents of available NH 4 -N and NO 3 -N according to the methods described by Cottenie et al. (1982) and Kim (1996) . The obtained data were recorded in Table (1) . At the same time , samples of both ground water and drainage water were taken from observation wells and from the drain for pH , EC (dS m -1 ) and the content ( mg / l ) of NO 3 -N and NH 4 -N determinations according to the methods described by Chapman and Pratt (1961) . The obtained data were recorded in Table ( 2).
The experimental design was a split split -plot design with three replicates. The main factor was agricultural gypsum treatments (G ) ,the sub factor was nitrogen fertilization treatments ( F ) and the sub -sub factor was the distance from the laterals (D). The area of each plot was 30 m² (6 m length × 5 m width). Before planting , at final soil preparation , all plots were fertilized by ordinary super phosphate ( 15.5 % P 2 O 5 ) at a rate of 60 kg P 2 O 5 / fed. Then, the experimental plots were divided into two main groups ,the first group was untreated by agricultural gypsum, while the second group was treated by gypsum at a rate of 3 ton gypsum / fed., as a protection dose . Two weeks before planting, certified potato seed tubers of the Scotland cv . Nieta were subjected to chitting process in order to promote green sprouting by exposing them to an indirect light under high relative humidity conditions. Seeding tubers at a rate of 1350 kg tubers / fed. , thus seed tubers ranging from 35-55 mm in size with 2-3 sprouts were sown on 11 th October 2011 and 15 th October 2012 in the first and second seasons. Potato seed pieces were set at 20 cm between each other and in depth of about 15 cm in rows. The distance between rows was 60 cm. All farming processes for potato plants were carried out according to the recommendations of Egyptian Ministry of Agriculture. After planting directly, the sub main plots were divided into two equal groups , the first group was left without nitrogen fertilization, while the second group was fertilized with ammonium nitrate ( NH 4 NO 3 , 33 % N ) with an application rate of 500 kg/fed. (165 kg N / fed.) which equal 100 % of the recommended dose, in two equal doses (at planting and with first irrigation). Also, all plots were fertilized by potassium sulphate ( K 2 SO 4 ,48% K 2 O ) at an application rate of 90 kg K 2 O / fed. , in two equal doses ( at planting and after 50 days from planting ). The sub -sub plots or the distances from the laterals were above (A) and at midway (B) of the laterals. The ground water table depth was recorded by daily reading of observation wells after the first and second irrigations and samples of ground water were taken from observation wells every 3 days after the first (1) and the second (2) irrigation at the distance of A and B of the each treatments under study and its content of nitrogen ( NO 3 -N + NH 4 -N ) as mg/l were determined according to the method described by Chapman and Pratt (1961) and recorded based on the mean values. Also, at 1,4,7,10 and 13 days after the same irrigations, samples of drainage water were taken from the collectors and analyzed for NH 4 -N and NO 3 -N (mg / l) determination. Before the second ( 2) and the third ( 3 ) irrigations and at harvesting stage ( after 115 day from planting ), soil samples were taken from the depths of 0 -20, 20 -40 and 40 -60 cm at the distances A and B of each studied treatment. The collected soil samples were prepared for available nitrogen ( NO 3 -N + NH 4 -N ) as mg / kg analysis according to the method described by Cottenie et al. (1982) and Kim (1996) .
Vegetative samples of potato shoots were taken from each treatment directly before the second ( 2 ) and the third ( 3 ) irrigations. At harvest stage (after 115 days from planting ) , potato plants were harvested and the yields of tubers were weighed as ton / fed. All plant samples were air-dried then oven-dried at 70°C until the weights became constant, ground and analyzed for its content of total N, NO 3 -N and NH 4 -N was determined according to the methods described by Chapman and Pratt (1961) and Cottenie et al. (1982) .
Yield data were subjected to statistical analysis according to Gomez and Gomez ( 1984 ) . Least significance difference ( L. S. D. ) at 0.05 probability was applied for comparing means .
RESULTS AND DISCUSSION

Ground Water Table Level
The data of water table level (cm) with time after the first and second irrigations (1 and 2) above ( A ) and at midway ( B ) of laterals (0 and 15 m) as presented in Table ( 3) show that , in both unfertilized and fertilized soils and at different distances of laterals there are no clear differences between ground water table at the same day after the first and second irrigation. On the other hand , these differences were more clear as a result of gypsum application. This effect was found above and at midway of the laterals. These findings were attributed to the aggregation effect of gypsum on soil particles which followed by an increase of soil total porosity , infiltration rate and draw down water movement ( Shainberg et al. , 1989 ; Scott et al. , 1993 and El-Sanat , 2003 ) . At the same day , the level of ground water after the first irrigation was more down compared with that measured after the second irrigation. This trend was found with the different treatments under study. Generally , with the different treatments under study , the depth of ground water above the laterals was more than that at midway of the laterals. These findings means that , water table level above laterals dropped faster , with larger amount than that in midway between laterals specially in the soil treated by gypsum. Ibrahim et al. (1999) ; Antar (2000) and El -Hadidy et al. (2003) obtained similar results.
Nitrogen in Soil
The soil contents of available N ( mg / kg ) which measured as NH 4 -N and NO 3 -N among different soil depths before the second ( 2 ) and third ( 3 ) irrigations as affected by the studied treatments were recorded in Table (4) . These data show that with all treatments , the soil content of either NH 4 -N or NO 3 -N was decreased with the increase of soil depth. These findings may be resulted from the high content of soil fine fractions and organic matter in the surface layers compared to the subsurface layer (El-Sherif , 2005 and El-Mleegy , 2007) . At the same depth and with different treatments under study , the soil content of NH 4 -N was higher than the content of NO 3 -N. This trend may be resulted from the high ability of NH 4 adsorption by negative charges presented on the surface of soil compounds especially clay and organic matter . Also , NO 3 is characterized by more solubility and faster leaching with irrigation water to down depths and ground water ( Abd El-Galil , 2006 and El-Mleegy , 2007 ) .
Regarding the effect of drainage treatments under study, the obtained data in Table (4) shows that the soil content (mg / kg) of total available nitrogen , NH 4 -N and NO 3 -N among different soil depths above the laterals was lower than that found at midway of the laterals. This finding may be resulted from the faster and large amounts of irrigation water removed above the lateral compared with those occurred at far from the distances of the lateral associated with high leaching amounts of different N forms ( Antar , 2000 and El -Hadidy et al. , 2003 ) . Also , this trend may be resulted from the high absorbed amounts of nitrogen by plants grown above the lateral associated with the greater rate of plant growth compared with other locations. These findings were found at the different soil depths in both gypsum and N fertilization treatments under study in the two growing seasons. The same data showed that , gypsum application was associated by a decrease in soil content of the determined available forms in both fertilized and unfertilized soils above and at midway of the laterals. These decreases may be resulted from the improving effect of gypsum on physical and chemical properties specially soil aggregation , aeration , soil reaction ( pH ) and others. Such changes were associated by more leaching amounts of nitrogen and also by high rates of plant growth ( Mohamad , 2009 ) . Under different drainage treatments , the contents of determined N forms in the fertilized soil were higher than those determined in the unfertilized soil ( El-Mleegy , 2007 and Mohamad and Tantawy , 2012 ) .
Regarding the data of soil content of the determined N forms which recorded in Table ( 4) , it may be noted that among different soil depths at different distances of laterals in both gypsum and N fertilization treatments , the high content (mg/kg) of the determined N forms was found before the second irrigation and the lowest one was found after plant harvest. These findings may be resulted from the increased amounts of N absorbed by plants with the increase of plant age and also was resulted from the increase of the leached amounts of N with irrigation water to ground and drainage water with the time increase throughout the growing season. In this respect , Oosterbaan (1994) and Bol'shakov et al.(1996) investigated similar results .
Ground Water Content of Nitrogen
Ground water content of total nitrogen , NH 4 -N and NO 3 -N (mg/l) which recorded in Table (5) show that with different treatments under study the concentration of both NH 4 -N and NO 3 -N in ground water was decreased with the increase of time after both the first and second irrigation. This means that , most of the leached nitrogen was occurred directly after irrigation and at short time of N fertilizer application. At the different days of irrigation , the concentration of both NH 4 -N and NO 3 -N in ground water measured after the first irrigation was lower than those determined after the second irrigation. These findings could be resulted from the faster movements and greater amounts of irrigation water resulted in a greater dilution of ground water after the first irrigation compared with that occurred after the second irrigation (Table, 3 ). This trend was found in both gypsum and N fertilization treatments in the two growing seasons. The data of the concentration of NH 4 -N and NO 3 -N in ground water also show that with all treatments under study , the concentration of NO 3 -N in ground water was higher than that measured for NH 4 -N. This finding may be resulted from the high solubility of NO 3 -N form and its movement with leaching water compared with that of NH 4 -N ( Bol'shakov et al., 1996 and Ibrahim et al., 1999 ) . The same data show that gypsum application in both fertilized and unfertilized soils was associated with more leaching of NH 4 -N and NO 3 -N. So , the ground water in the soil treated by gypsum have a high concentration of both NH 4 -N and NO 3 -N compared with that found in the untreated soil . Generally , with the two gypsum treatments , the concentration of NH 4 -N and NO 3 -N in ground water in the fertilized soil was higher than that measured in the ground water in the unfertilized soil either after the first or the second irrigation in the two growing seasons.
Drainage Water Content of Nitrogen
The data of drainage water concentration ( mg / l ) of NH 4 -N and NO 3 -N as presented in Table ( 6) illustrated that , the high concentration of either of NH 4 -N or NO 3 -N was found at the first days of irrigation and decreased at the later days. These findings were in good relations with the large amounts of irrigation water moved from soil to drains which characterized by high content of leached NH 4 -N and NO 3 -N, where these amounts were decreased with increasing time after irrigation (Ibrahim et al., 1999 and Antar , 2000) . This trend was found in both gypsum and N fertilization treatments in the two growing seasons. At different days after irrigation , the concentration of NH 4 -N and NO 3 -N in drainage water after the first irrigation was lower than those found after the second irrigation. These findings could be resulted from the high amounts of irrigation water caused more dilution of drainage water after the first irrigation compared with that occurred after the second one. The obtained data also show that at the same day after the first and second irrigation, the concentration of NO 3 -N in the drainage water was higher than those of NH 4 -N in the two growing seasons with both gypsum and N fertilization treatments . These findings were resulted from the high solubility and leaching rate of NO 3 -N form compared with NH 4 -N form.
The data presented in Table ( 6 ) showed that , unfertilized and fertilized soils , gypsum application resulted in a decrease of drainage water content of both NH 4 -N and NO 3 -N in the two growing seasons. These decreases may be resulted from the large amounts of draw down water associated with gypsum application which resulted in a dilution of ground water. Generally , with all the studied treatments , the concentration (mg / l) of NH 4 -N and NO 3 -N in drainage water in the soil fertilized with nitrogen was higher than those found in the unfertilized soil. Abu-Sinna (1991) obtained similar results . N ( T-N ) , NH 4 -N and NO 3 -N ( mg / l ) at different days of ( 1 ) and second ( 2 ) irrigation as affected by the studied treatments .
Gypsum treatments
Days after irrigation
Unfertilized soil Fertilized soil ( 1 )
( 2 ) ( 1 ) 
Potato Yield
Yield of potato tubers (ton / fed.) as affected by gypsum application and nitrogen fertilization at two distance from the laterals was recorded in Table  ( 7) . These data show that gypsum application led to increase in the obtained tubers yield of potato. These increases were found in both fertilized and unfertilized soils above and at midway of the laterals in the two grown seasons . The obtained increase of tubers yield as a result of gypsum application may be attributed to the improving effect of added gypsum on soil properties and increasing nutrients availability ( Mohamad , 2009 ) . Also , the obtained data show that the high response of potato plants to N fertilization where the obtained yield of tubers in the fertilized soil was high significant increase than that obtained from the unfertilized soil above and at midway of the laterals in the two growing seasons. These findings show the nitrogen fertilization is importance for potato plants growth ( Marschner, 1998 and Darwish et al., 2003) . These results are in agreement with those obtained by Chen and Hutchinson (2008 ) and Taha (2011 . In both gypsum and nitrogen fertilization treatments , the tubers yields of potato plants grown above the laterals significant increase than those of plants grown between the laterals. These results may be attributed to the more improved effects of tile drainage on soil physical and chemical properties especially above the laterals ( Antar , 2000 ; Salem et al. , 2004 and Agbede , 2010) . The efficiency use of nitrogen fertilization on potato plants may be supported by the calculated relative change values (RC , %) of the tubers yield produced from fertilized soil compared with that produced from unfertilized soil as recorded in Table ( 7) . At different distances (A and B ) from the laterals , the calculated values of RC were positive in the two grown seasons with the two treatments of gypsum. These results are in agreement with those obtained by Rodrigues et al.(2008) and Taha (2011) . 
Potato Content of Nitrogen
The presented data in Table (8) show the nitrogen (NH 4 -N and NO 3 -N) content (%) of shoots and tubers of potato plants as affected by the studied treatments. These data show that, with different treatments of gypsum and N fertilization , both shoots and tubers content of NH 4 -N and NO 3 -N above the laterals was higher than that in the plants at midway of the laterals , where the lowest content was found in the plants grown in the middle distance between the laterals. This trend may be resulted from the high plant growth above the lateral which associated with greater yield compared with other distance. This trend may be explained based on the dilution effect as mention by Marschner (1998) and Basak (2006) . Also , these findings could be resulted from the greater amounts of leached nitrogen with drainage water above the laterals compared with that leached at midway of the laterals. This trend was found in gypsum application and mineral N -fertilization treatments in the two grown seasons . At different distances , shoots content of N after the second irrigation was lower than that found after the first irrigation. This trend may be also explained based on the dilution effect (Basak , 2006) . The data also show that , at the distance of A and B in the unfertilized and fertilized soils , gypsum application resulted in an increases of shoots and tubers content ( % ) of both NH 4 -N and NO 3 -N in the two growing seasons.Tubers and shoots content (%) of NH 4 -N in the different treatments under study was higher than the content ( % ) of NO 3 -N in the two growing seasons. Generally , tubers and shoots content of either NH 4 -N or NO 3 -N in the fertilized soil was higher than those in the unfertilized soil. This trend was found in the two growing seasons, Mauromicale et al. (2006) and Taha (2011) obtained similar results. Shoots and tubers of potato plants content (% ) of total N  ( T -N ) , NH 4 -N and NO 3 -N as mean values in the two  grown season before the second (2) , tired (3) irrigations  and at harvest stage above (A) and midway (B) of the laterals as affected by the studied treatments. 
Gypsum treatments
